Optical rotatory dispersion and circular dichroism studies of a lambda immunoglobulin light chain and its variable and constant halves are reported. The two fragments, which have been extensively characterized, were isolated after proteolytic digestion of the Xchain. A dichroism band at 217 nm, previously found to be characteristic of all immunoglobulins, was given by both the variable and constant halves. In other respects, the
fragments yielded clearly different spectra, reflecting -differences in their conformations. Comparisons of the theoretical curves calculated for an equimolar mixture of the fragments with the corresponding curves measured for the X-chain showed that most of the minimal conformational changes accompany cleavage of the polypeptide into its halves. This suggests that in the intact light chain, the variable and constant parts exist as independently folded regions.
Human immunoglobulin light chains have been shown (1) to consist of an NH12terminal half with a variable aminoacid sequence, i.e., a sequence which is different for each monoclonal light chain, and a COOH-terminal half with a sequence which is essentially constant within each of the two classes of light chains, kappa and lambda. Recently, Solomon and McLaughlin (2) and Karlsson, Peterson, and BerggArd (3) demonstrated that these polypeptides can be cleaved by different proteolytic enzymes in the switch region between the variable and constant parts, and that the resulting halves can be separated from each other. Furthermore, hydrodynamic studies showed that halves of both monoclonal and polyclonal light chains have compact shapes (3) . On the basis of these observations, it was suggested (3) that an intact light chain consists of two globular regions connected by a more extended polypeptide stretch.
In this work, we have studied the conformations of a lambda light chain and its extensively characterized, isolated halves. Optical rotatory dispersion (ORD) and circular dichroism (CD) measurements indicated that the conformations of the variable (VA) and constant (Cx) segments of this light chain are essentially independent of each other. The results of the present investigation and of the studies referred to above support the domain hypothesis (4), which suggests that the polypeptide chains of immunoglobulins are composed of separate domains, each folded into a globular structure.
MATERIALS
Bence-Jones protein, myeloma protein, and reduced, alkylated light chain A type L Bence-Jones protein in dimeric form was prepared from the urine of patient A.J. with multiple myeloma. The isolation procedure consisted of concentration of urinary proteins by ultrafiltration, and fractionation of the concentrated proteins by means of gel chromatography on Sephadex G-100 followed by zone electrophoresis on Pevikon. These methods have been described (5) . A G myeloma protein was prepared from serum of patient A.J. by a combination of gel chromatography on Sephadex G-200 and zone electrophoresis.
The dimeric Bence-Jones protein and the myeloma protein were reduced and carboxymethylated by the method of Fleischman et al. (6) with a slight modification (5) . The light and heavy chains of the reduced, alkylated myeloma protein were separated by gel chromatography on Sephadex G-100 in 1.0 M propionic acid. Analysis of untreated and reduced, alkylated Bence-Jones protein by starch gel electrophoresis in 8 M urea and formate buffer (7) showed that the untreated dimers were disulfide-linked. Reduced and alkylated X-chain from the Bence-Jones protein and the myeloma protein had the same aminoacid composition. The predominant part of X-chain from both sources behaved as monomers and a small part as dimers when examined by gel chromatography on Sephadex G-100 in 0.02 M Tris* HCl buffer, pH 8.0, containing 1.0 M NaCl. Several preparations of these two fragments were used for the present study. Papain digestion was carried out for 3 min at an enzyme: substrate ratio of 1: 250, and trypsin digestion for 1 min at an enzyme: substrate ratio of 1: 50. A detailed account of the preparation and characteristics of the fragments will be given elsewhere (Karlsson, Peterson, and Bergglrd, in preparation). To summarize, the isolation procedure consisted of zone electrophoresis in sodium barbital buffer, pH 8.6, followed by gel chromatography on Sephadex (9, 10) . The mean residue weight was calculated from the aminoacid composition and was found to be 107 for the intact Bence-Jones protein and for its V) and C', fragments.
Protein concentrations were measured spectrophotometrically in a Hitachi-Perkin-Elmer Model 139 spectrophotometer. A specific extinction coefficient at 280 nm (Eicm 1%) of 14.6 was determined for the A.J. Bence-Jones protein by dry-weight measurements. Calculations based on the tyrosine and tryptophan content by two different methods (11, 12) also gave a value of 14.6 for the intact protein.
This was assumed to be the correct value also for the extinction coefficient of the variable and constant halves of the chain, since these contain identical amounts of tyrosine and tryptophan. (Karlsson, Peterson, and Bergg~rd, in preparation). The small amounts of material available precluded accurate determinations of the extinction coefficients of the light-chain halves. RESULTS ORD spectra were measured from 250 to 218 nm for the X-chain prepared from the myeloma protein, for the dimeric Bence-Jones protein, and for the reduced and carboxymethylated form of the latter (Fig. 1) . The three curves are identical throughout the wavelength range within experimental error; specifically, all show a minimum at 232-233 nm with an [m'] of about -2300°.
The ORD and CD spectra of the variable and constant fragments obtained by proteolytic digestion of the reduced and carboxymethylated A.J. Bence-Jones protein are shown in Fig. 2 . Several preparations were investigated; all the spectra were very similar. In ORD, which was measured from 250 to 202 nm, both fragments show negative Cotton effects, the characteristics of which are different. The minimum for the variable half is at 226 nm, with an [m'] of -21000, whereas the constant half shows a minimum at 232 nm, with a more negative rotation ([m'] = -3100°). The maxima are at approximately the same wavelength, namely 206-207 nm, but the constant half has about twice the mean residue rotation, i.e., +3200°compared to +1500' for the variable half. These differences are outside experimental errors, in spite of the fact that the errors are rather large in the lower wavelength range. In addition to these major effects a small Cotton effect centered around 240 nm is present in the spectrum of the variable half but absent from the spectrum of the constant part. The CD measurements were extended only down to 206 nm, since meaningful measurements below this wavelength were not possible because of the low ellipticities and high absorptions exhibited by the samples in this region. Differences between the two halves are evident also in CD. Both fragments show major bands at 217 nm, but these have different magnitude, namely -2700°for the variable half and -4000°for the constant half. In addition, the variable fragment shows a small negative band at 242 nm and a positive band at 237 nm, which are not seen in the spectrum of the constant part. Fig. 3 Earlier ORD studies of Bence-Jones proteins agree well, although not completely, with our results. The X-chains studied by Jirgensons, Saine, and Ross (13) showed minima between 228 and 235 nm of various but generally lower magnitudes than the A.J. X-chain. The maxima exhibited by these chains were at 209-210 nm, instead of at 207 nm, with various but higher rotations. The spectra of the x-chains studied deviated only little from the X-chain spectra; however they usually had minima at slightly lower wavelengths. These data indicate a similar gross conformation of all light chains. CD data have previously been reported only for heterogeneous human and rabbit light chains (14, 15) ; they agree rather well with the CD spectrum of A.J. BenceJones protein, in that they show a major band at 217 nm of similar magnitude. A possible interpretation of this band will be discussed below.
The ORD and CD spectra of the light-chain halves exhib-
Proc. Nat. Acad. Sci. USA 68 (1971) )F ited significant differences, particularly in the main troughs. An interesting feature of the ORD spectrum of the variable half, lacking from the spectrum of the constant part, is the indication of a small Cotton effect at about 240 nm. A similar Cotton effect is given also by intact IgG, by the Fab portion of IgG (16), and by the y-chain, apparently its Fd part (17, 18) . The structural entity giving rise to this effect is not known (19) . The CD bands at 242 and 237 nm also distinguish the variable from the constant part. Identical bands are present in the CD spectrum of the monomeric form of nonspecific rabbit light chain (15) , and similar bands at slightly different wavelengths are also seen in the spectrum of whole IgG (10) . The dominant CD band for both the variable and constant parts was at 217 nm. This band has previously been shown to be characteristic of all immunoglobulins (20) , of Fab and Fc fragments of IgG (10), and of heavy and light chains (14, 15, 18) . The only isolated part of the IgG molecule deviating from this general pattern is a COOH-terminal half of the Fc fragment (Component II or pFc'), which has a CD spectrum with a minimum at 226 nm (14) . The 217 nm band has been suggested to be due to the presence of (-structure (10, 14) , since poly(rlysine) in the (3-conformation exhibits a major negative band at the same wavelength (21, 22) . Although this interpretation is open to some doubt (10, 19) , the 217-nm band probably indicates a unique feature in the immunoglobulin structure.
The main object of this investigation was to study any changes in the conformation of the A.J. light chain occurring when the latter is cleaved into its variable and constant halves. It has been suggested (4) that successive segments, of both heavy and light polypeptide chains are folded into separate, compact domains, connected by more extended stretches of the chains. This hypothesis has aquired support from experiments which show that proteolytic digestion can occur specifically in a short region of the light chain between the variable and constant parts (2, 3) , and that the resulting halves have compact shapes (3) . Similar digestion of heavy chain into smaller pieces has also been reported (18, (23) (24) (25) . One group of such fragments (23) (24) (25) apparently represents the COOH-terminal domain of 7-chains.
On the basis of the domain theory, one would expect that the folding of the polypeptide chain in each globular domain should be fairly independent of the folding of the chain in neighboring domains. For light chain, this would mean that only small or possibly no conformational changes should occur when the chain is cleaved into its variable and constant halves. Our results show this to be true for the light chain we have studied. The ORD and CD curves of the variable and constant parts of this chain are clearly different. On the other hand, the theoretical ORD and CD spectra for an equimolar mixture of the variable and constant halves differ only very little from the corresponding spectra of the intact light chain. This similarity suggests that at most minimal conformational changes accompany cleavage of the chain into its halves, and that the two halves therefore probably exist as independently folded globular regions in the intact light chain. An identical treatment of ORD data for the Fab and Fc parts of IgG has earlier led to similar conclusions regarding the independence of these parts in the whole immunoglobulin molecule (16) . The small differences observed in our experiments may not be outside experimental error but, if real, may be explained as being caused by breakage of interactions in the contact region between the two globular domains with no substantial conformational changes within the domains themselves.
The A.J. light chain was chosen for this study because its fragments are the only ones which to date have been extensively characterized. Proteolytic cleavage (2, 3) and hydrodynamic studies (3) of various light chains, together with the relative similarity of the ORD and CD spectra of different Bence-Jones proteins (see above), suggest that all human light chains have the same overall conformations and that our conclusions therefore may be generally applicable.
The proposed independent folding of the polypeptide chain in each light-chain half should not be interpreted as precluding the existence of interactions of various kinds between the halves. It is thus possible that, for example, a conformational change occurring in one half may induce a simultaneous change of the conformation of the other half. xj oreover, the expression of certain properties of light chains, such as the ability to bind to heavy chains, may also require the presence of two juxtapositioned, interacting light-chain halves.
